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DPRQJ WKH LQSXWV ,QGLYLGXDO UHVXOW VHWV SURYLGHG E\ WKH 6(V DUH HYDOXDWHG DQG D FRPELQHG DQVZHU VHW LV
FUHDWHG1H[WIRUHDFK85/LWVDYHUDJHSRVLWLRQLQDOOWKHUHVXOWVHWVLVFDOFXODWHGDQGDFRPELQHGDQVZHUVHW
LVVWRUHGDFFRUGLQJWRWKHDYHUDJHSRVLWLRQRIHDFK85/7KHFRQVLVWHQF\RIWKHUHVXOWLQJDQVZHUVHWLVFKHFNHG
DQG WKHQ WKHDOJRULWKPGHFLGHVRQ WKHQH[WVWHS:KHQWKHFRQVLVWHQF\ LV ORZ WKHDQVZHUFRQWDLQLQJDOO WKH
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UHVXOWV LV UHWXUQHG DQG IHHGEDFN LV UHTXHVWHG ,I WKH FRQVLVWHQF\ LV KLJK WKHQ WKH ILUVW WHQ 85/V IURP WKH
FRQVHQVXVDUHSUHVHQWHG

'HVFULSWLRQRIWKH3URSRVHG6\VWHP
7KHGHYHORSHGV\VWHPFRQVLVWVRIWZRPDLQVWDJHVHDFKVWDJHLVSHUIRUPHGE\DGLIIHUHQWPRGXOHWKHFOLHQW
PRGXOHLQWHUIDFHDQGWKHPDLQPRGXOH
7KHFOLHQWPRGXOHLVUHVSRQVLEOHIRU LQWHUDFWLQJZLWKWKHHQGXVHUDQGIDFLOLWDWLQJWKHHQWU\RI WKHLUTXHU\
:H KDYH XWLOL]HG IRXU 6(V WR REWDLQ WKH UHVXOWV RI WKH TXHU\ $ PLQRU PRGLILFDWLRQ LV UHTXLUHG WR XWLOL]H
GLIIHUHQWQXPEHUVRIVHDUFKHQJLQHV7KHFRPELQHGUHVXOWRIDOOVSHFLILHGVHDUFKHQJLQHVLVWKHQSUHVHQWHGDVDQ
LQSXWWRWKHPDLQPRGXOH,QWKHPDLQPRGXOHWKHDFWXDOLPSOHPHQWDWLRQRIWKHSURSRVHGDOJRULWKPIHHGEDFN
FROODWLRQDOJRULWKPLVUXQ7KHPDLQPRGXOHJLYHVWKHILQDOUHVXOWVWRWKHXVHU

3URSRVHG$OJRULWKP
:LWKWKHIHHGEDFNFROODWLRQDOJRULWKPRXUDLPLVWRGHYHORSDVWUDWHJ\WRFRPELQHWKHVHWRIUHVSRQVHVLQWR
DILQDOMRLQWUHVSRQVHVHWLHWRUHSUHVHQWDFRPPRQFRQVHQVXVDQGWKHQWRFRPSDUHHDFKLQGLYLGXDOUHVSRQVH
VHWWRWKHILQDOMRLQWVHWREWDLQHG:HKDYHXVHGIRXUGLIIHUHQWVHDUFKHQJLQHV*RRJOH<DKRR$VNDQG%LQJ
WRJHQHUDWHWKHLQGLYLGXDOUHVSRQVHVHWVXWLOL]LQJPRUHVHDUFKHQJLQHVLQWKHIXWXUHLVSRVVLEOHDQGUHTXLUHVRQO\
PLQRUPRGLILFDWLRQV
:H DVVHVV WKH UHOLDELOLW\ RI HDFK 6( E\ JLYLQJ LW DQ XQUHOLDELOLW\ VFRUH 7KH KLJKHU VFRUH WKHZRUVH WKH
SHUFHLYHGUHOLDELOLW\RIWKH6(7KLVVFRUHLVLQYHUWHGVRWKDWKLJKHULVEHWWHULQWKHILQDOUHVXOWV
1RWHYHU\85/LVUHWXUQHGE\HYHU\6(:HWKHUHIRUHSDUWLWLRQWKH85/VLQWRGLVMRLQWVHWVDQGWKHQFRQVLGHU
HDFKVHWRIWKHSDUWLWLRQLQWXUQWRSURGXFHDQXQUHOLDELOLW\VFRUHIRUHDFK6(RYHUHDFKSDUWLWLRQ,QWKLVFDVHZH
KDYHFKRVHQDUELWUDULO\WRJURXS85/VLQWRVHWVE\WKHQXPEHURIVHDUFKHQJLQHVWKDWUHWXUQHGWKH85/7KXV
LI D85/ZDV UHWXUQHGE\ RQO\ WZR6(V LW LV LQ VHW ³´ RI WKHSDUWLWLRQ LI LW LV UHWXUQHG E\ DOO IRXU VHDUFK
HQJLQHVLWLVLQVHW³´7KHXQUHOLDELOLW\VFRUHIRUHDFK6(RQHDFKSDUWLWLRQLVWKHQXVHGWRPRGLI\WKHRYHUDOO
XQUHOLDELOLW\VFRUHRIHDFK6(EHIRUHSURFHVVLQJWKHQH[WSDUWLWLRQ
7RSURFHVVHDFKSDUWLWLRQZHVFRUHHDFK85/EDVHGRQDIXQFWLRQRILWVSRVLWLRQLQWKHVHDUFKUHVXOWVRIHDFK
6(FRPELQHGZLWKWKHSHUFHLYHGFXUUHQWXQUHOLDELOLW\RIWKH6(7KHDYHUDJHVFRUHRIHDFK85/LVIRXQG7KH
6(XQUHOLDELOLW\VFRUHVDUHWKHQDGMXVWHGWRUHIOHFWWKHGLVWDQFHEHWZHHQWKHDYHUDJHVFRUHIRUWKH85/DQGWKH
VFRUHSURYLGHGE\HDFK6(
,ID6(SURGXFHVDVHDUFKUHVXOWWKDWKDV85/VORFDWHGIDUIURPWKHDYHUDJHSRVLWLRQUHWXUQHGE\WKHRWKHU
6(V WKHQ WKH6(
V XQUHOLDELOLW\ VFRUH VWDUWV WR FOLPEZKLFKZLOO DFFHQWXDWH DQ\ IXUWKHU GHYLDWLRQV IURP WKH
DYHUDJHLQWKHSURFHVVLQJRIWKHQH[WSDUWLWLRQOHDGLQJWRDUXQDZD\HIIHFWWKDWPLJKWEHFRQVLGHUHGXVHIXOLQ
LGHQWLI\LQJSRRUVHDUFKUHVXOWV
,QRUGHUWRZULWHFRGHWRVFRUH85/VDQG6(VZHKDGWRPDNHGHFLVLRQVDERXWZKDWDOJRULWKPVVKRXOGEH
XVHGWRDVVLJQVFRUHV2XU&RGHWHVWVGLIIHUHQWDOJRULWKPVIRUDVVLJQLQJVFRUHV WR WKH85/VDQG6(V7KH
RUGHURISURFHVVLQJ WKHSDUWLWLRQV LV DOVRYDULHG7KH UHPDUNDEOH UHVXOW LV KRZFRQVLVWHQW WKH ILQDO UHOLDELOLW\
RUGHURIWKH6(VLVXQGHUVXFKZLGHO\GLIIHULQJDOJRULWKPLFYDULDWLRQV
7KHSVHXGRFRGHGHVFULELQJWKHSURFHVVLQJLVSUHVHQWHGLQ&RGH


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&RGH,2XU3VHXGR&RGH
5DQN6(VXVLQJGLIIHUHQWLDODOJRULWKPLFYDULDWLRQ
Step 1 – Initialize algorithmic variations 
&KRRVHVFRULQJV\VWHPIRUHDFK85/GHSHQGLQJRQLWVGLVWDQFHIURPWKHPHDQVFRUHDFURVVDOO6(
&KRRVHRUGHURISURFHVVLQJVHDUFKUHVXOWVHWV
/RZWRKLJK
+LJKWRORZ
&KRRVHVFRULQJRI6(
$ULWKPHWLF
*HRPHWULF
Step 2 – Read data 
,QLWLDOL]HVHDUFKHQJLQHQDPHV
5HDGVHDUFKUHVXOWVIRUHDFK6(
8QLTXH85/V
6FRUHRIHDFK85/RQHDFK6(ELJJHULVZRUVH
,QLWLDOL]HQXPEHURI6(VWKDWUHWXUQHGHDFK85/
7RWDOVFRUHIRUD6(ELJJHULVZRUVH
$YHUDJHVFRUHIRUHDFK85/DFURVVHDFK6(ELJJHULVZRUVH
Step 3 – Define URL scoring procedure 
3URFHGXUHWRVFRUH85/EDVHGRQSHUFHLYHGFXUUHQWUHOLDELOLW\RI6(
2ULJLQDOVFRUHIRUWKLV85/
&XUUHQW6(UHOLDELOLW\VFRUHELJJHULVZRUVH
$FWXDOVFRUHFRQVLGHULQJUHOLDELOLW\RI6(
Step 4 – Initialize SE and URL scores 
,QLWLDOL]HIURPUDZGDWD
6FRUHWKLV85/RQWKLV6(
6FRUH85/XVLQJ&+2,&(RI85/VFRULQJDOJRULWKP
1XPEHURI6(VWKDWUHWXUQHGWKLV85/
6WDUWLQJVFRUHQRWDFKRLFHDVWKLVVFDOHVDOO6(VHTXDOO\
Step 5 – Score each URL partition 
8SGDWH6(VFRUHIURPHDFKXUOSDUWLWLRQVHTXHQFHGE\&+2,&(RISDUWLWLRQRUGHULQJDOJRULWKP
*LYHHDFK85/DQHZVFRUH
&KRRVH85/VUHWXUQHGE\WKLVFRXQWRI6(V
,QLWLDOL]HDYHUDJHVFRUHIRUHDFK85/
Step 5.1 – Find average and maximum SE distance for each URL in partition 
(DFKVHDUFKHQJLQH
8UODFWLYHLQWKLVSDVV
$FWXDOVFRUHFRQVLGHULQJUHOLDELOLW\RI6(
8SGDWHDYHUDJHVFRUH
1XPEHURI8UOVDFWLYHLQWKLVSDVVIRUWKLV6(
$YHUDJHVFRUHIRUXUODFURVV6(V
0D[LPXPGLVWDQFHRYHUDOO6(VIRUWKLVXUO
8UODFWLYHLQWKLVSDVV
$FWXDOVFRUHFRQVLGHULQJUHOLDELOLW\RI6(
$YHUDJHUDWLQJE\6(
0D[LPXPGLVWDQFH
Step 5.2 – Score each SE by partition 
(DFKXUOLQWKLVSDUWLWLRQ
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(DFK6(WKDWUHWXUQHGWKLVXUO
$FWXDOVFRUHFRQVLGHULQJUHOLDELOLW\RI6(
'LVWDQFHIURPDYHUDJH
'LVWDQFHVFDOHG
6FRUH6(E\&+2,&(RI6(VFRULQJDOJRULWKP
Step 6 – Write results 
:ULWHUHVXOWV
3ULQWZKLFKDOJRULWKPVZHUHXVHG
3ULQWEHVWILUVWWUDQVIRUPVFRUHVRWKDWELJJHULVEHWWHU
([SHULPHQWDWLRQDQG5HVXOWV
7KH WRSUHVXOWVH[WUDFWHG IURPUXQQLQJ WKHTXHU\³PDUKDED´RQHDFKRI WKH IRXU6(V *RRJOH<DKRR
%LQJ$VNDUHXVHGDVWKHLQSXWWRVWDJH
$QH[DPSOHRIRQHOLQHRILQSXWWRVWDJHPLJKWEH
ZZZXVFHVPDUKDEDFDOOKWP
:KLFK DUH WKH XQLTXH 85/V IROORZHG E\  LQWHJHUV VHSDUDWHG E\ VSDFHV  7KH  LQWHJHUV UHSUHVHQW WKH
SRVLWLRQRIWKLV85/LQWKHUHVXOWVHWVUHWXUQHGE\HDFKVHDUFKHQJLQHRUGHUHGDV*RRJOH<DKRR%LQJ$VN,I
DSDUWLFXODU85/GLGQRWVKRZXSLQWKHUHVXOWVHWIURPDVHDUFKHQJLQHLWVFRUUHVSRQGLQJHQWU\LV
,QRXUH[DPSOHRXUSDUWLFXODU85/RFFXUUHGDWSRVLWLRQLQWKHUHVXOWVHWIURP*RRJOHDWSRVLWLRQIURP
<DKRRDWSRVLWLRQIURP%LQJDQGZDVQRWUHWXUQHGE\$VN
7KHRXWSXW LQVWDJHFRQVLVWVRIEORFNV (DFKEORFNRUGHUV WKH6(VE\DFFXUDF\IRUDGLIIHUHQWVHWRI
DOJRULWKPLFYDULDWLRQV)RUH[DPSOHRQHRXWSXWEORFNPLJKWEH

7DEOH/RZWRKLJK6(FRXQWXVLQJ$ULWKPHWLFVFRULQJRIVHDUFKHQJLQH

4XDGUDWLFUDQNLQJ
<DKRR

*RRJOH

%LQJ

$VN


,QGLFDWLQJ WKDW XVLQJ WKH TXDGUDWLF UDQNLQJ YDULDWLRQ HYDOXDWLQJ WKH 85/V IURP ORZ WR KLJK DQG XVLQJ
DULWKPHWLFVFRULQJWKHQ<DKRRZDVSHUFHLYHGWREHWKHEHVWVHDUFKHQJLQHIRUWKLVSDUWLFXODUTXHU\
5XQQLQJ WKLV3HUOSURJUDPSURGXFHV WKH IROORZLQJ UHVXOWV VKRZQ LQ WDEOHV $VFDQEH VHHRQ WKLV
TXHU\<DKRRZDVUDWHGDVWKHEHVW6(WLPHVRXWRIWKHWZRWLPHVWKDWLWZDVQRW9DULDWLRQVDQG
ERWKXVHH[SRQHQWLDOUDQNLQJ\HWHYHQXQGHUWKHVHFLUFXPVWDQFHV<DKRRVFRUHVYHU\FORVHWRWKHOHDGHU,Q
DEVROXWHO\HYHU\FDVH$VNFDPHODVWRIWHQE\DZLGHPDUJLQ

7DEOH/RZWRKLJKVHDUFKHQJLQHFRXQWXVLQJDULWKPHWLFVFRULQJRIVHDUFKHQJLQH

([S $ULWKPHWLFVFRULQJRIVHDUFKHQJLQH
 /LQHDUUDQNLQJ <DKRR

*RRJOH

%LQJ

$VN

 4XDGUDWLFUDQNLQJ <DKRR

*RRJOH

%LQJ

$VN

 &XELFUDQNLQJ <DKRR

*RRJOH

%LQJ

$VN

 ([SRQHQWLDO
UDQNLQJ
<DKRR

*RRJOH

%LQJ

$VN

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7DEOH+LJKWRORZVHDUFKHQJLQHFRXQWXVLQJDULWKPHWLFVFRULQJRIVHDUFKHQJLQH

([S $ULWKPHWLFVFRULQJRIVHDUFKHQJLQH
 /LQHDUUDQNLQJ <DKRR

*RRJOH

%LQJ

$VN

 4XDGUDWLFUDQNLQJ <DKRR

*RRJOH

%LQJ

$VN

 &XELFUDQNLQJ <DKRR

*RRJOH

%LQJ

$VN

 ([SRQHQWLDO
UDQNLQJ
*RRJOH

<DKRR

%LQJ

$VN



7DEOH/RZWRKLJKVHDUFKHQJLQHFRXQWXVLQJ*HRPHWULFVFRULQJRIVHDUFKHQJLQH

([S $ULWKPHWLFVFRULQJRIVHDUFKHQJLQH
 /LQHDUUDQNLQJ <DKRR

*RRJOH

%LQJ

$VN

 4XDGUDWLFUDQNLQJ <DKRR

*RRJOH

%LQJ

$VN

 &XELFUDQNLQJ <DKRR

*RRJOH

%LQJ

$VN

 ([SRQHQWLDO
UDQNLQJ
<DKRR

%LQJ

*RRJOH

$VN


7DEOH+LJKWRORZVHDUFKHQJLQHFRXQWXVLQJ*HRPHWULFVFRULQJRIVHDUFKHQJLQH

([S $ULWKPHWLFVFRULQJRIVHDUFKHQJLQH
 /LQHDUUDQNLQJ <DKRR

*RRJOH

%LQJ

$VN

 4XDGUDWLFUDQNLQJ <DKRR

*RRJOH

%LQJ

$VN

 &XELFUDQNLQJ <DKRR

*RRJOH

%LQJ

$VN

 ([SRQHQWLDO
UDQNLQJ
*RRJOH

<DKRR

%LQJ

$VN


&RQFOXVLRQVDQGWKH)XWXUH6FRSHRI'HYHORSPHQW
7KHUHVXOWVGHOLYHUHGE\WKHIHHGEDFNFROODWLRQDOJRULWKPDUHKLJKO\GHSHQGHQWRQWKHRXWSXWVSURGXFHGE\
WKH SUHYLRXV VWHSV UHGXFLQJ WKH DPELJXLW\ RI WKH TXHU\ 7KLV GHSHQGHQF\ UHVXOWV LQ WKH FRQVLVWHQF\ RI WKH
RXWSXWVREWDLQHG+RZHYHULWVHHPVREYLRXVWKDWGLIIHUHQWXVHUVZLWKYDU\LQJRSLQLRQVUHJDUGLQJWKHTXHU\FDQ
FRPSDUHWKHFRQWH[WRIGLIIHUHQWOLQNVREWDLQHGE\D6()URPWKLVEURDGSHUVSHFWLYHLWFDQEHFRQFOXGHGWKDW
WKHXVHUFDQ MXGJH WKHPRVWDSSURSULDWHVHDUFKDJHQWDFFRUGLQJWRKLVRUKHU UHTXLUHPHQWVEHFDXVHFRPELQHG
UHVXOWV ZLOO EH SURGXFHG 7KH SURSRVHG VROXWLRQ FDQ DOVR EH KHOSIXO LQ WKH GHYHORSPHQW RI D QHZ 6( E\
FRPSDULQJWKHUHVXOWVRILWVSURWRW\SHWRWKRVHRIWKHDYDLODEOH6(VRQWKH:HE7KHLUUHVSHFWLYHUHVXOWVFDQEH
FRPSDUHGDFFRUGLQJWRWKHLUFRQVLVWHQF\DQGWKHXVHU¶VUHTXLUHPHQWV
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5HIHUHQFHV
>@6HDUFK(QJLQH8VDJH6WDWLVWLFVKWWSZZZDKI[QHWZHEORJDVRQWK$XJXVW,67
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